Objectives. It is unknown if preoperative tracheostomy for persistent/recurrent laryngeal squamous cell carcinoma (LSCC) plays a role in unrecognized local disease spread and disease recurrence after salvage laryngectomy. The goals of this study were to determine the effect of preoperative tracheostomy on disease-free survival (DFS) in patients with recurrent/persistent LSCC undergoing salvage laryngectomy.
Results. DFS was worse for patients with tracheostomy prior to laryngectomy than patients without a tracheostomy (5 year: 39% vs 67%; P \ .001). Patients with tracheostomy prior to RT/CRT compared to patients with tracheostomy after RT/CRT or patients without a tracheostomy had worse DFS (5- year: 25%, 49%, and 67%, respectively; P \ .001). In bivariable analyses controlling for T classification, N classification, or overall stage, preoperative tracheostomy was associated with worse DFS. In multivariable analysis, presence of a preoperative tracheostomy had a worse DFS (hazard ratio, 1.63; 95% confidence interval, 1.00-2.67; P = .048).
Conclusion. Preoperative tracheostomy is associated with disease recurrence in patients with persistent/recurrent LSCC undergoing salvage laryngectomy, particularly in patients who had tracheostomy prior to completion of initial RT/ CRT. Notably, preoperative tracheostomy as a causal factor vs marker for disease recurrence is difficult to ascertain. Nevertheless, clinicians should be aware of the increased risk of locoregional recurrence in patients with preoperative tracheostomy when counseling on surgical salvage and when considering the role of additional therapy.
Keywords laryngeal squamous cell carcinoma, salvage surgery, laryngectomy, tracheostomy, survival Background Laryngeal squamous cell carcinoma (LSCC) continues to pose a challenge to head and neck oncologists, with over 13,000 new cases of LSCC diagnosed annually in the United State alone. 1 Primary treatment has increasingly shifted toward organ preservation therapies-namely, radiation (RT) and chemoradiation (CRT). 2 However, a notable subset of these patients develops recurrences 3 ; for these patients, laryngectomy is often the only curative treatment option. For patients undergoing laryngectomy after RT or CRT, predictors of subsequent disease recurrence are limited and poorly understood.
Identifying predictors of disease-free survival (DFS) in patients undergoing salvage laryngectomy is crucial to riskstratify patients. With better understanding of risk factors for disease recurrence, we can better counsel patients, adjust screening regimens, and provide adjuvant therapy to those at incrementally higher risk for recurrence.
Preoperative tracheostomy for LSCC has been hypothesized to predispose patients to stomal recurrence and local disease spread. [4] [5] [6] [7] Although unable to be verified, theoretically patients may have unrecognized tumor violation and surreptitious local spread of disease. However, this concept has been difficult to prove or separate from potential confounders. Moreover, the effect of preoperative tracheostomy on locoregional recurrence has not been studied in patients with recurrent LSCC after RT/CRT. In this cohort, timing of tracheostomy in relation to RT/CRT treatment may have implications on survival and disease recurrence.
Herein, we investigate the effects of preoperative tracheostomy in a large recurrent/persistent LSCC cohort undergoing total laryngectomy. Our aim was to investigate the association of preoperative tracheostomy status on DFS.
Methods

Patient Identification and Data Collection
A prospectively maintained single-institution epidemiology database of patients with head and neck cancer was generated as previously described. 3 Adult patients were included if they had pathologically confirmed laryngeal squamous cell carcinoma initially treated with RT/CRT, who underwent salvage total laryngectomy for recurrent/persistent disease at the primary site (n = 244) between 1998 and 2015. This study was approved by the institutional review board at the University of Michigan (HUM00081554).
Statistical Analysis
The primary outcome measure was DFS (time from salvage laryngectomy to LSCC recurrence). Secondary measures included locoregional DFS and distant DFS. Death was verified via medical records and the Social Security death index. Kaplan-Meier survival curves were generated for univariable and bivariable survival analysis using SPSS version 22.0 (SPSS, Inc, an IBM Company, Chicago, Illinois) for DFS. Bivariable and multivariable Cox regression were performed for DFS. Demographic, clinical, and pathologic factors were included in multivariable modeling ( Table 1) . Due to the large number of predictors, we used forward selection to identify the relevant covariates. Multivariable modeling was performed using R version 3.3.0 (Vienna, Austria).
Results
Cohort Characteristics
Demographic, clinical, pathologic, and survival data were collected ( Table 1 ). The cohort was predominantly male (85%) and white (91%). There were 76 (31%) patients who had tracheostomy placement prior to their salvage surgery, 33 prior to completion of initial RT/CRT and 43 after completion of initial RT/CRT but prior to salvage laryngectomy. Patients with preoperative tracheostomy tended to have higher initial overall stage, recurrent T classification, N classification, and overall stage, both clinically and on final pathologic diagnosis.
Univariable Analysis of Preoperative Tracheostomy on Survival
We first analyzed the effect of presence of a preoperative tracheostomy in our cohort. In univariable analysis, DFS was significantly worse (P \ .001) for patients with tracheostomy prior to laryngectomy than patients without a tracheostomy. Five-year DFS estimates were 39% for patients with tracheostomy and 67% for patients without tracheostomy ( Figure 1A ). In addition, locoregional DFS was worse for patients with tracheostomy before laryngectomy (P \ .001), with 5-year estimates of 47% with tracheostomy vs 79% for no tracheostomy ( Figure 1B) . Interestingly, there was no significant survival difference in distant DFS between the groups (P = .14).
Univariable Analysis of the Timing of Preoperative Tracheostomy on Survival
The timing of tracheostomy was then dichotomized (before RT/CRT and after RT/CRT) to examine the effect on survival. Thirty-three patients underwent tracheostomy prior to completion of initial RT/CRT and 43 after completion of initial RT/CRT but prior to salvage laryngectomy. In univariable analysis, DFS was worse for patients with tracheostomy prior to RT/CRT in comparison to patients with tracheostomy after RT/CRT or patients without a tracheostomy, with 5-year DFS estimates of 25%, 49%, and 67%, respectively (P \ .001; Figure 2A ). In addition, locoregional DFS was worse for patients with tracheostomy before RT/CRT, with a 5-year DFS estimate of 28% compared with 61% for tracheostomy after RT/CRT and 79% for no tracheostomy (P \ .001; Figure 2B ). There was no significant survival difference in distant DFS between the groups (P = .316).
Bivariable Analysis of Preoperative Tracheostomy on Survival
Given the difference in initial stage, recurrent T classification, N classification, and overall stage between the cohort of patients with and without tracheostomy, we sought to control for these potential confounding variables. We used clinical staging for the initial staging and pathologic staging for the recurrence staging for this analysis. In bivariable analysis, preoperative tracheostomy was associated with worse DFS in comparison to no tracheostomy in patients with early (ypT1/T2) and advanced (ypT3/T4) T classifications, (P = .005; Figure 3A ,B). When controlling for nodal status (ypN0 vs ypN1), patients who underwent preoperative tracheostomy had a worse DFS (P = .001). Similarly, when controlling for overall recurrent stage (stage ypI/II vs ypIII/IV), patients who underwent preoperative tracheostomy had a worse DFS (P = .003). When controlling for initial stage (stage cI/II vs cIII/IV), patients with preoperative tracheostomy had a worse DFS (P = .004). We next sought to analyze for any significance in recurrence patterns (locoregional or distant) given preoperative tracheostomy status in bivariable analysis. In a similar fashion, when controlling for pathologic T classification, patients with tracheostomy before laryngectomy had a worse locoregional DFS (P \ .001). When controlling for pathologic N classification, preoperative tracheostomy had worse locoregional DFS (P = .001). When controlling for recurrent overall stage, preoperative tracheostomy had worse locoregional DFS (P \ .001, Figure 3C ,D).
Multivariable Analysis of Preoperative Tracheostomy on Survival
We next performed a multivariable Cox proportional hazard regression to control for additional potential confounders for DFS. We used forward selection to identify the relevant covariates within the demographic, clinical, and pathologic variables ( Table 1 ). With this model, presence of a preoperative tracheostomy had a DFS hazard ratio (HR) of 1.63 (95% confidence interval [CI], 1.00-2.67; P = .048; Table 2 ). Other significant factors for DFS included positive margin status (HR, 4.74; 95% CI, 2.21-10.2), clinical node-positive status (HR, 2.17; 95% CI, 1.13-4.18), and pathologic node-positive status (HR, 2.29; 95% CI, 1.21-4.35 for no extracapsular spread and HR, 1.36; 95% CI, 0.64-2.91 for extracapsular spread). Advanced recurrent clinical T stage (ycT3 or ycT4) did not achieve significance (HR, 1.70; 95% CI, 0.91-3.16). Younger age demonstrated improved DFS (HR, 0.96; 95% CI, 0.94-0.99).
Discussion
Recurrent/persistent LSCC after RT or CRT remains an aggressive and difficult to treat disease. Investigation into the association of preoperative tracheostomy for these patients has been limited to date.
Our results suggest the presence of a tracheostomy at the time of salvage laryngectomy is an independent prognostic factor for worse disease recurrence and specifically worse locoregional disease recurrence. This is particularly the case in patients who had tracheostomies placed prior to completion of RT/CRT. This finding may have clinical importance in guiding individualized care for patients. Notably, we can only demonstrate an association for preoperative tracheostomy and disease recurrence, not any causality. In a retrospective cohort, we cannot establish whether the tracheostomy itself is a direct contributor to disease recurrence or an indicator for other unidentified factors.
Nevertheless, presence of a preoperative tracheostomy may have clinical utility in guiding patient discussions and care for recurrent LSCC. Caregivers should consider the potential increased risk of recurrence in these patients. In such patients, there may be increased scrutiny when contemplating a heroic attempt at surgical salvage, consideration of more aggressive salvage surgery, or additional postoperative adjuvant measures. In the era of reirradiation, precision medicine, and targeted therapies for recurrent/metastatic head and neck cancers, this cohort may benefit from consideration of postoperative adjuvant therapy given their high risk for disease recurrence. [8] [9] [10] [11] Some have historically proposed that preoperative tracheostomy for LSCC may lead to microscopic spread of disease as the tumor may be violated during the tracheostomy process. Indeed, there have been case reports of tumor seeding from tracheostomies through or adjacent to LSCC. There have been limited investigations into this concept in patients undergoing primary laryngectomies. [4] [5] [6] [7] Esteban et al 4 examined a cohort of 209 patients undergoing total laryngectomy and found prior tracheostomy to be an independent predictor of stomal recurrence, although this was in a primary surgery cohort. Carrillo et al 5 studied patients with T3 transglottic LSCC specifically undergoing primary total laryngectomy and found a strong association with recurrence and poor survival in patients who had preoperative tracheostomy. Imauchi et al 6 studied 69 patients undergoing laryngectomy for LSCC in a mixed cohort of patients having had no or preoperative radiation. They found a trend to increased recurrence in patients with preoperative tracheostomy but were limited in power and did not specifically study a recurrent/persistent cohort. Finally, Basheeth et al 7 analyzed 75 patients undergoing total laryngectomy, with 50 having had initial RT/CRT and 25 with primary disease. They found significant stomal recurrence for patients who had undergone preoperative tracheostomy in univariable analysis. However, this was a mixed cohort, and bivariable analysis was not performed to control for potential confounders. To date, there has not been a cohort focused specifically on recurrent LSCC after RT/CRT. While our robust cohort attempts to address such questions, our retrospective series cannot be presumed to demonstrate causality, and it is entirely possible that preoperative tracheotomy is simply a surrogate rather than representative of the specific cause of worse outcomes.
Timing of preoperative tracheostomy in relation to RT/ CRT appeared to have significant effects on DFS. Patients who had a tracheostomy prior to or during initial RT/CRT had the worst DFS. Patients who had a tracheostomy after RT/CRT had slightly better DFS but still worse than those who did not have preoperative tracheostomy.
Additional predictors of DFS in our cohort are well established, including positive margin status and positive pathologic nodal disease. Interestingly, in multivariable analysis, presence of a preoperative tracheostomy is the third strongest effector of DFS, after positive margin status and positive nodal status.
While it may be difficult to ascertain a causative role of preoperative tracheostomy for disease recurrence, presence of a preoperative tracheostomy nevertheless is an independent predictor of DFS in a recurrent/persistent LSCC cohort undergoing salvage laryngectomy. As such, further treatment options, including closer clinical monitoring, wider excision margins, postoperative reirradiation or cytotoxic chemotherapy, and newer adjuvant therapies, may be entertained. 12 For clinicians, discussions with patients of the potential risk of presalvage tracheostomy should include potential implications for worse DFS. Further investigation into indications for preoperative tracheostomy and evaluation of prospective cohorts may give additional insight into effects on postsalvage surgery disease recurrence for LSCC.
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